PHYTOPATHOLOGY
[Vol. 67 molten agar (50-55 C) at the required concentration RESULTS before it was poured into petri dishes. The media containing fungicides were used 20 hr after preparation.
Tolerance of field isolates.-The concentration of All cultures were grown on potato-sucrose agar (PSA) Blasticidin-S necessary for complete inhibition of at 28 + 1 C, unless indicated otherwise. Petri plates vegetative growth of each of 13 isolates was determined received agar disks 5 mm in diameter cut from the by measuring mycelial growth after incubation for 7 days periphery of 10-day-old cultures, or were seeded with on a series of media containing gradually-increasing conidial suspensions (10' conidia/ml).
concentrations of Blasticidin-S. The minimum inhibitory The experiments for production of tolerant isolates concentrations of the 13 isolates ranged from 50 to 350 were carried out on PSA containing 200 pg Blasticidin-pg/ml (Table 1) . There was no apparent correlation be-S/ml, about 15 times the concentration required to tween pathogenicity and tolerance to Blasticidin-S. The inhibit conidial germination of the wild-type isolates. isolates, 3A5 and 3A25, highly virulent on many of the Twenty ml of conidial suspension (10' conidia/ml) were international differential cultivars, were moderately irradiated by UV light at a wavelength of 254 nm from a tolerant to Blasticidin-S (growth inhibited at 200 to 250 distance of 45 cm and at about 130 erg/mm 2 / second. pg/ml); whereas the isolates 3A14 and 2A2 (less virulent During irradiation, the suspension was mixed than the other isolates) were the most tolerant (growth continuously with a stirrer. Irradiation time (5-7 min) was inhibited at 350 pg/ml). regulated according to the UV-sensitivity of each isolate, Acquisition of tolerance.--Tolerant isolates of P. to obtain a 4% conidial survival rate. The survival level oryzae were obtained from colonies grown on PSA with was determined on the basis of a plate count of conidia 200 4g Blasticidin-S/ml, after 106 conidia were seeded to germination on fungicide-free PSA. The irradiated 20 plates for each of the 13 isolates (Table 2 ). An equal conidia in suspension (0.5 ml/ plate) were distributed on number of plates were seeded with UV-irradiated or the surface of the medium containing Blasticidin-S. nonirradiated conidia, respectively. Three of the 13 Twenty plates were seeded for each of the 13 isolates. The irradiated isolates produced seven colonies tolerant to nonirradiated conidial suspension was applied in the Blasticidin-S. Likewise, among the nonirradiated isolates same way to 20 plates for each isolate. After incubation four yielded eight tolerant colonies. The eight isolates not for 5 days, colonies that developed were individually listed in Table 2 did not produce any tolerant isolates on transferred to fungicide-free PSA and then tested for media with 200 pg Blasticidin-S/ml. The isolates, 2A2, mycelial growth at various concentrations of Blasticidin-2A15, 3A14, 3A17, and 3A20 (which in the first test were S.
inhibited at relatively higher concentrations; i.e., 250-350 Data obtained from the experiments for germination pg/ml, than the other isolates) developed tolerant isoand sporulation were analyzed by analysis of variance lates. Tolerant isolates varied in the level of tolerance to and differences between means were evaluated using various concentrations of Blasticidin-S. Where UVDuncan's multiple range test, P = 0.01.
irradiation was carried out, of seven tolerant isolates, two were tolerant to 500 pg/ ml, two to 700 Ag/ ml, two to 900 pg/ ml, and one (designated Bu7) to 1,300 pg Blasticidin-TABLE 1. Minimum inhibitory concentrations of S/ ml. This latter isolate was derived from parental isolate Blasticidin-S in potato-sucrose agar seeded with mycelial disks 3A17 whose growth was completely suppressed at 350 pg of 13 isolates of Pyricularia oryzae Blasticidin-S/ml. Where no irradiation was carried out, four of eight tolerant isolates were tolerant to 500 pg/ ml, Isolate no.
Concentration (p•g/ml) two to 700 pg/ml, and two to 900 g/mil. In general, 3A19 50 tolerant isolates from the irradiated conidia exhibited 3A12 150 greater tolerance than those from the nonirradiated 2A10,3AI,3A5, 3A29 200 conidia. With both methods, the frequency of tolerance 3A20,3A25 250 development was 0.5-0.6 X 10-with some variation 2A15 300 among isolates. These results also indicate that only five 2A2,3A13,3A14,3A17 350 of 13 sensitive parent isolates could produce the isolates tolerant to Blasticidin-S, regardless of treatments. 20 aObtained from colonies grown on 200 pg/ml Blasticidin-S-'Tolerance induced by ultraviolet-irradiation of isolate 3A17. PSA seeded with 106 conidia of each isolate. Numbers in bThe first generation was obtained from conidia of Bu7 and the parentheses are from nonirradiated isolates and the others from second one was from Bu7-3, one of the 15 first-generation ultraviolet-irradiated ones.
isolates tolerant to 1,300 pg/ml of Blasticidin-S.
Stability of tolerance.-Mycelial disks of the tolerant differences in percentage germination between 3A17 and isolates were transferred at intervals of 7 days to Bu7; 3A17 was highly sensitive and Bu7 was relatively fungicide-free PSA. At each transfer, mycelial growth on insensitive (Table 4) . Germination of 3A17 and Bu7 was PSA containing Blasticidin-S was tested to check the inhibited completely at 11 and 60 lug/ ml, respectively. stability of tolerance of the isolates. After four to nine Sporulation of 3A17 (sensitive parent) and Bu7 transfers on PSA without fungicide, all the tolerant (tolerant subculture from 3A17) was determined by isolates except Bu7 gradually reverted to a sensitive crushing four 2-cm 2 squares from each culture in 10 ml of condition. Tolerance was not maintained by these sterile water, and uniformly flooding 0.5 ml of this isolates. In contrast, the tolerance of Bu7 was stable after conidia and mycelial suspension onto the surface of PSA 20 transfers or more on fungicide-free PSA.
containing Blasticidin-S in a 9-cm diameter petri dish. Twenty monoconidial lines were isolated from Bu71. In After incubation for 7 days under continuous fluorescent the first generation, 15 of these showed the same level of light, the conidia were harvested by flooding the plate tolerance as Bu7; the other five survived on 900 to 1,100 with 20 ml of water, and the resultant production of pg/ ml. In the second generation from Bu7-3 (tolerant to conidia was estimated with a haemocytometer. In the 1,300 lug Blasticidin-S/ml) 20 of 20 isolates showed the absence of Blasticidin-S, Bu7 produced many more same tolerance that the original monoconidial isolate conidia than 3A17 (Table 5 ). Sporulation of 3A17 was showed (Table 3) . Thus, Bu7-3 appeared to be genetically greatly reduced in the presence of Blasticidin-S, whereas homogeneous for tolerance and the original Bu7, which sporulation of Bu7 decreased gradually as the was not a single-spored isolate, apparently was concentration of Blasticidin-S increased (Table 5) . heterokaryotic as a culture.
The isolate Bu7 grew better than 3 A 17 on 300, 500, 700, Physiologic traits of tolerant isolates.-The tolerance and 900 jg/ ml of Kasugamin, but showed the same of conidia to fungicide was tested by adding 0.3 ml of reaction as 3A17 on 20 and 40 Mg! ml of Hinosan and on conidial suspension (105 conidia/ml) to 2% water agar 90 and 110 Ag/ml Kitazin. Thus, isolates tolerant to containing Blasticidin-S, and then assessing percentage Blasticidin-S were also tolerant to Kasugamin, but not to germination after 24 hr. One hundred conidia were Hinosan and Kitazin. examined from each of three plates per each isolate. The
Tests were made to determine whether 3A 17 and Bu7 tolerant isolate Bu7 on water agar alone was similar in differed in pathogenicity to rice seedlings in the percentage germination to its parent isolate 3A17. In the greenhouse. The eight international differential cultivars presence of Blasticidin-S, however, there were marked were individually inoculated at the four-to five-leaf stage with conidial suspensions (105 conidia/ml) of each isolate. Disease ratings were made after 7 days according TABLE 4. A comparison of the percentage germination of to the system proposed by the American and Japanese conidia between parental (3A17) and ultraviolet-induced Cooperative Study (9). The two isolates were equally tolerant (Bu7) isolates of Pyricularia oryzae on water agar virulent on five of the cultivars, but 3A17 was less virulent containing various concentrations of Blasticidin-S than Bu7 on Zenith and Dular, and it showed no virulence TABLE 5 . Sporulation by parental (3A17) and ultraviolet-tolerance to Blasticidin-S, as has been observed in induced tolerant (Bu7) isolates of Pyricularia oryzae on potato-Rhizoctonia solani tolerant to chemicals (4). However, sucrose agar containing Blasticidin-S Shatla et al. (7) reported some correlation between the l-No. (X 105) of conidia/platea pathogenicity of R. solani isolates and tolerance to pentaBlasticidin-S conNchloronitrobenzenes. centration (/Mg/ml) 3A17 Bu7 Attempts were made in this study to induce tolerance to 0 11.2 w 62.2 w Blasticidin-S in P. oryzae with UV-irradiation and with a 20 3.2 x 26.7 x high concentration of Blasticidin-S in the growth 40 1.0 x 16.7 y medium. In other studies (5, 8), other approaches were 60 0.0 x 0.9 z used to induce tolerance to Blasticidin-S. Our data aMean of six replicates in each of two experiments. Numbers indicate that the frequency of development of tolerance is followed by different letters are significantly different from each low and varies among the parental isolates that are other according to Duncan's multiple range test (P = 0.01).
capable of growing on higher concentrations of
